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LI ANSWER 1 OF 13 MEDLINE on STN 

TI Regulation of Smurf 2 ubiquitin ligase activity by anchoring the 
E2 to the HECT domain. 

AB The conjugation of ubiquitin to proteins involves a cascade of activating 
(El), conjugating (E2) , and ubiquitin- ligating (E3) type enzymes that 
commonly signal protein destruction. In TGFbeta signaling the inhibitory 
protein Smad7 recruits Smurf2, an E3 of the C2-WW-HECT domain class, to 
the TGFbeta receptor complex to facilitate receptor degradation. Here, we 
demonstrate that the amino-terminal domain (NTD) of Smad7 stimulates 
Smurf activity by recruiting the E2, UbcH7, to the HECT 
domain. A 2.1 A resolution X-ray crystal structure of the Smurf2 HECT 
domain reveals that it has a suboptimal E2 binding pocket that could be 
optimized by mutagenesis to generate a HECT domain that functions 
independently of Smad7 and potently inhibits TGFbeta signaling. Thus, E2 
enzyme recognition by an E3 HECT enzyme is not constitutively competent 
and provides a point of control for regulating the ubiquitin ligase 
activity through the action of auxiliary proteins. 
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LI ANSWER 2 OF 13 MEDLINE on STN 

TI NEDD4-2 (neural precursor cell expressed, developmental ly down-regulated 
4-2) negatively regulates TGF-beta (transforming growth factor-beta) 
signalling by inducing ubiquitin-mediated degradation of Smad2 and 
TGF-beta type I receptor. 

AB Inhibitory Smad, Smad7, is a potent inhibitor of TGF-beta ( trans forming 

growth factor-beta) superfamily signalling. By binding to activated type 
I receptors, it prevents the activation of R-Smads (receptor-regulated 
Smads) . To identify new components of the Smad pathway, we performed 
yeast two-hybrid screening using Smad7 as bait, and identified NEDD4-2 
(neural precursor cell expressed, developmental ly down-regulated 4-2) as a 
direct binding partner of Smad7 . NEDD4-2 is structurally similar to 
Smurfs (Smad ubiquitin regulatory factors) 1 and 2, which were identified 
previously as E3 ubiquitin ligases for R-Smads and TGF-beta superfamily 
receptors. NEDD4-2 functions like Smurfs 1 and 2 in' that it associates 
with TGF-beta type I receptor via Smad7, and induces its 
ubiqui tin-dependent degradation. Moreover, NEDD4-2 bound to 
TGF-beta -specific R-Smads, Smads 2 and 3, in a ligand- dependent manner, 
and induced degradation of Smad2, but not Smad3 . However, in contrast 
with Smurf2, NEDD4-2 failed to induce ubiquitinat ion of SnoN (Ski -related 
novel protein N) , although NEDD4-2 bound to SnoN via Smad2 more strongly 
than Smurf 2 . We showed further that overexpressed NEDD4-2 prevents 
transcriptional activity induced by TGF-beta and BMP, whereas 
silencing of the NEDD4-2 gene by siRNA (small interfering RNA) resulted in 
enhancement of the responsiveness to TGF-beta superfamily cytokines. 
These data suggest that NEDD4-2 is a member of the Smurf-like 
C2-WW-HECT (WW is Trp-Trp and HECT is homologous to the E6 -accessory 
protein) type E3 ubiquitin ligases, which negatively regulate TGF-beta 
superfamily signalling through similar, but not identical, mechanisms to 
those used by Smurfs . 
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LI ANSWER 3 OF 13 MEDLINE on STN 

TI Transforming growth factor-beta stimulates p3 00 -dependent RUNX3 
acetylation, which inhibits ubiquitinat ion-mediated degradation. 

AB The Runt domain transcription factors (RUNXs) play essential roles in 

normal development and neoplasias. Genetic analyses of animals and humans 
have revealed the involvement of RUNX1 in hematopoiesis and leukemia, 
RUNX2 in osteogenesis and cleidocranial dysplasia, and RUNX3 in the 
development of T-cells and dorsal root ganglion neurons and in the genesis 
of gastric cancer. Here we report that RUNX3 is a target of the 



acetyltransf erase activity of p300. The p3 00 -dependent 

acetylation of three lysine residues protects RUNX3 from ubiquitin ligase 
Smurf -mediated degradation. The extent of the acetylation is 
up-regulated by the transforming growth factor-beta signaling pathway and 
down- regulated by histone deacetylase activities. Our findings 
demonstrate that the level of RUNX3 protein is controlled by the 
competitive acetylation and deacetylation of the three lysine residues, 
revealing a new mechanism for the posttranslational regulation of RUNX3 
expression. 
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LI ANSWER 4 OF 13 MEDLINE on STN 

TI Impaired Smad7-Smurf -mediated negative regulation of TGF-beta 
signaling in scleroderma fibroblasts. 

AB The principal effect of TGF-betal on mesenchymal cells is its stimulation 
of ECM synthesis. Previous reports indicated the significance of the 
autocrine TGF-beta loop in the pathogenesis of scleroderma. In this 
study, we focused on Smad7 and Smurf s, principal molecules in the negative 
regulation of TGF-beta signaling, to further understand the autocrine 
TGF-beta loop in scleroderma. Scleroderma fibroblasts exhibited increased 
Smad7 levels compared with normal fibroblasts in vivo and in vitro. Smad7 
const i tut ively formed a complex with the TGF-beta receptors, and the 
inhibitory effect of Smad7 on the promoter activity of human 
alpha2(I) collagen and 3TP-lux was completely impaired in scleroderma 
fibroblasts. Furthermore, the protein stability of TGF-beta receptor type 
I was significantly increased in scleroderma fibroblasts compared with 
normal fibroblasts. There was no significant difference in Smurf 1 and 
Smurf 2 levels between normal and scleroderma fibroblasts, and the 
transiently overexpressed Smurfl and/or Smurf2 did not affect TGF-beta 
receptor type I protein levels in scleroderma fibroblasts. These results 
indicate that the impaired Smad7-Smurf -mediated inhibitory 
effect on TGF-beta signaling might contribute to maintaining the autocrine 
TGF-beta loop in scleroderma fibroblasts. To our knowledge, this is the 
first report of a disturbed negative regulation of TGF-beta signaling in 
fibrotic disorders. 
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LI ANSWER 5 OF 13 MEDLINE on STN 

TI Cooperative inhibition of bone morphogenetic protein signaling by Smurfl 
and inhibitory Smads . 

AB Smad ubiquitin regulatory factor (Smurf) 1 binds to 

receptor-regulated Smads for bone morphogenetic proteins (BMPs) Smadl/5 
and promotes their degradation. In addition, Smurfl associates with 
transforming growth factor-beta type I receptor through the inhibitory 
Smad (I -Smad) Smad7 and induces their degradation. Herein, we examined 
whether Smurfl negatively regulates BMP signaling together with the 
I -Smads Smad6/7. Smurfl and Smad6 cooperatively induced secondary axes in 
Xenopus embryos. Using a BMP-responsive promoter -reporter construct in 
mammalian cells, we found that Smurfl cooperated with I -Smad in inhibiting 
BMP signaling and that the inhibitory activity of Smurfl was not 
necessarily correlated with its ability to bind to Smadl/5 directly. 
Smurfl bound to BMP type I receptors via I -Smads and induced 
ubiquitination and degradation of these receptors. Moreover, Smurfl 
associated with Smadl/5 indirectly through I -Smads and induced their 
ubiquitination and degradation. Smurfl thus controls BMP signaling with 
and without I -Smads through multiple mechanisms. 
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LI ANSWER 6 OF 13 MEDLINE on STN 

TI Cell cycle regulatory E3 ubiquitin ligases as anticancer targets. 

AB Disregulation of the cell cycle and proliferation play key roles in 

cellular transformation and tumorigenesis . Such processes are intimately 
tied to the concentration, localization and activity of enzymes, 
adapters, receptors, and structural proteins in cells. Ubiquitination of 
these cellular regulatory proteins, governed by specific enzymes in the 
ubiquitin (Ub) conjugation cascade, has profound effects on their various 
functions, most commonly through proteasome targeting and degradation. 
This review will focus on a variety of E3 Ub ligases as potential oncology 
drug targets, with particular emphasis on the role of these molecules in 



the regulation of stability, localization, and activity of key 
proteins such as tumor suppressors and oncoproteins. E3 ubiquitin ligases 
that have established roles in cell cycle and apoptosis, such as the 
anaphase-promoting complex (APC) , the Skp-l-Cull-F-box class, and the 
murine double minute 2 (MDM2) protein, in addition to more recently 
discovered E3 ubiquitin ligases which may be similarly important in 
tumorigenesis, (e.g. Smurf family, CHFR, and Efp) , will be 
discussed. We will present evidence to support E3 ligases as good 
biological targets in the development of anticancer therapeutics and 
address challenges in drug discovery for these targets. 
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Cell cycle regulatory E3 ubiquitin ligases as anticancer 
targets. 

Pray Todd R; Parlati Francesco; Huang Jianing; Wong Brian 
R; Payan Donald G; Bennett Mark K; Issakani Sarkiz Daniel; 
Molineaux Susan; Demo Susan D 

Rigel Pharmaceuticals, Inc., 240 East Grand Avenue; South 
San Francisco, California 94080, USA. . tpray@rigel.com 
Drug resistance updates : reviews and commentaries in 
antimicrobial and anticancer chemotherapy, (2002 Dec) Vol. 
5, No. 6, pp. 249-58. Ref : 80 
Journal code: 9815369. ISSN: 1368-7646. 
Scotland: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
General Review; (REVIEW) 
English 

Priority Journals 
200305 

Entered STN: 20030118 
Last Updated on STN: 20030521 
Entered Medline: 20030520 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR : 



CORPORATE SOURCE: 



SOURCE : 



PUB. COUNTRY: 
DOCUMENT TYPE: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



LI ANSWER 7 OF 13 MEDLINE on STN 

TI The hydrostatic and hydrodynamic volumes of polyols in aqueous solutions 
and their sweet taste. 

AB The tastes and solution properties of sugar alcohols were studied in an 
attempt to illuminate the mechanism of sweet taste chemoreception'. The 
SMURF method was used to measure tastetime-intensity of aqueous 
solutions of sugar alcohols and the results were interpreted using the 
Stevens power function and kinetic parameters. The apparent molar 
volumes, apparent specific volumes, partial molar volumes, partial 
specific volumes and intrinsic viscosities of the solutions were studied. 
Apparent molar volume reflects the size of the molecule in a hydrostatic 
state whereas intrinsic viscosity gives a measure of the size of the 
molecules in a hydrodynamic state. Generally the apparent molar volumes 
of the polyols are 6-13% greater than those of the parent sugars, 
indicating less interaction with the water structure. Apparent specific 
volume values can predict taste quality, and the average apparent specific 
volume for the sugar alcohols studied fits within the central part of the 
sweet range, i.e. 0.5-0.68 cm3/g, which accords with their ability to 
elicit a pure sweet taste response. Intensities and persistences of 
sweetness in the polyols followed the same trend as intrinsic viscosities. 
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LI ANSWER 8 OF 13 BIOSIS COPYRIGHT (c) 2006 The Thomson Corporation on STN 
TI Regulation of Smurf2 ubiquitin ligase activity by anchoring the 

E2 to the HECT domain. 
AB The conjugation of ubiquitin to proteins involves a cas cade of activating 
(El), conjugating (E2), and ubiquitinligating (E3) type enzymes that 
commonly signal protein destruction. In TGF beta signaling the inhibitory 
protein Smad7 recruits Smurf 2, an E3 of the C2-WW-HECT domain class, to 
the TGF beta receptor complex to facilitate receptor degradation. Here, 
we demonstrate that the amino-terminal domain (NTD) of Smad7 stimulates 
Smurf activity by recruiting the E2, UbcH7, to the HECT 
domain. A 2.1 A resolution X-ray crystal structure of the Smurf2 HECT 
domain reveals that it has a suboptimal E2 binding pocket that could be 
optimized by mutagenesis to generate a HECT domain that functions 
independently of Smad7 and potently inhibits TGF beta signaling. Thus, E2 
enzyme recognition by an E3 HECT enzyme is not const i tut ively competent 
and provides a point of control for regulating the ubiquitin ligase 
activity through the action of auxiliary proteins. 
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LI ANSWER 9 OF 13 BIOSIS COPYRIGHT (c) 2006 The Thomson Corporation on STN 
TI NEDD4-2 (neural precursor cell expressed, developmental ly down-regulated 
4-2) negatively regulates TGF-ss (transforming growth factor-beta) 
signalling by inducing ubiquitin-mediated degradation of Smad2 and 
TGF-beta type I receptor. 
AB Inhibitory Smad, Smad7, is a potent inhibitor of TGF-beta (transforming 

growth factor-beta) superfamily signalling. By binding to activated type 
I receptors, it prevents the activation of R-Smads (receptor-regulated 
Smads) . To identify new components of the Smad pathway, we performed 
yeast two-hybrid screening using Smad7 as bait, and identified NEDD4-2 
(neural precursor cell expressed, developmental ly down-regulated 4-2) as a 
direct binding partner of Smad7. NEDD4-2 is structurally similar to 
Smurf s (Smad ubiquitin regulatory factors) 1 and 2, which were identified 
previously as E3 ubiquitin ligases for R-Smads and TGF-beta superfamily 
receptors. NEDD4-2 functions like Smurf s I and 2 in that it associates 
with TGF-beta type I receptor via Smad7, and induces its 
ubiqui tin-dependent degradation. Moreover, NEDD4-2 bound to 
TGF-beta-specific R-Smads, Smads 2 and 3, in a ligand-dependent manner, 



and induced degradation of Smad2, but not Smad3 . However, in contrast 
with Smurf2, NEDD4-2 failed to induce ubiquit ination of SnoN (Ski-related 
novel protein N) , although NEDD4-2 bound to SnoN via Smad2 more strongly 
than Smurf2. We showed further that overexpressed NEDD4-2 prevents 
transcriptional activity induced by TGF-beta and BMP, whereas 
silencing of the NEDD4-2 gene by siRNA (small interfering RNA) resulted in 
enhancement of the responsiveness to TGF-beta superfamily cytokines. 
These data suggest that NEDD4-2 is a member of the Smurf-like 
C2-WW-HECT (WW is Trp-Trp and HECT is homologous to the E6 -accessory 
protein) type E3 ubiquit in ligases, which negatively regulate TGF-beta 
superfamily signalling through similar, but not identical, mechanisms to 
those used by Smurfs. 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR (S) : 



CORPORATE SOURCE: 



SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 
ENTRY DATE: 



2005:244473 BIOSIS 
PREV200510026231 

NEDD4-2 (neural precursor cell expressed, developmental ly 
down-regulated 4-2) negatively regulates TGF-ss 
(transforming growth factor-beta) signalling by inducing 
ubiquitin-mediated degradation of Smad2 and TGF-beta type I 
receptor . 

Kuratomi, Go; Komuro, Akiyoshi; Goto, Kouichiro; Shinozaki, 
Masahiko; Miyazawa, Keiji; Miyazono, Kohei [Reprint 
Author] ; Imamura, Takeshi 

Japanese Fdn Cane Res, Inst Cane, Dept Biochem, Toshima Ku, 
1-37-1 Kami Ikebukuro, Tokyo 170, Japan 
miyazono-ind@umin.ac.jp 

Biochemical Journal, (MAR 15 2005) Vol. 386, pp. 461-470. 

ISSN: 0264-6021. 

Article 

English 

Entered STN: 2 9 Jun 2005 

Last Updated on STN: 29 Jun 2 005 

BIOSIS COPYRIGHT (c) 2006 The Thomson Corporation on 



LI ANSWER 10 OF 13 
STN 

TI Transforming growth factor-beta stimulates p3 00 -dependent RUNX3 

acetylation, which inhibits ubiquit inat ion-mediated degradation. . 

AB The Runt domain transcription factors (RUNXs) play essential roles in 

normal development and neoplasias. Genetic analyses of animals and humans 
have revealed the involvement of RUNX1 in hematopoiesis and leukemia, 
RUNX2 in osteogenesis and cleidocranial dysplasia, and RUNX3 in the 
development of T-cells and dorsal root ganglion neurons and in the genesis 
of gastric cancer. Here we report that RUNX3 is a target of the 
acetyltransf erase activity of p300. The p3 00 -dependent 

acetylation of three lysine residues protects RUNX3 from ubiquitin ligase 
Smurf -mediated degradation. The extent of the acetylation is 
up-regulated by the transforming growth factor-beta signaling pathway and 
down-regulated by histone deacetylase activities. Our findings 
demonstrate that the level of RUNX3 protein is controlled by the 
competitive acetylation and deacetylation of the three lysine residues, 
revealing a new mechanism for the posttranslational regulation of RUNX3 
expression. 
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Transforming growth factor-beta stimulates p3 00 -dependent 
RUNX3 acetylation, which inhibits ubiquitination-mediated 
degradation. 
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TI Impaired Smad7-Smurf -mediated negative regulation of TGF-beta 
signaling in scleroderma fibroblasts. 

AB The principal effect of TGF-betal on mesenchymal cells is its stimulation 
of ECM synthesis. Previous reports indicated the significance of the 
autocrine TGF-beta loop in the pathogenesis of scleroderma. In this 
study, we focused on Smad7 and Smurfs, principal molecules in the negative 
regulation of TGF-beta signaling, to further understand the autocrine 
TGF-beta loop in scleroderma. Scleroderma fibroblasts exhibited increased 
Smad7 levels compared with normal fibroblasts in vivo and in vitro. Smad7 
constitutively formed a complex with the TGF-beta receptors, and the 
inhibitory effect of Smad7 on the promoter activity of human 
alpha2(I) collagen and 3TP-lux was completely impaired in scleroderma 
fibroblasts. Furthermore, the protein stability of TGF-beta receptor type 
I was significantly increased in scleroderma fibroblasts compared with 
normal fibroblasts. There was no significant difference in Smurfl and 
Smurf2 levels between normal and scleroderma fibroblasts, and the 
transiently overexpressed Smurfl and/or Smurf2 did not affect TGF-beta 
receptor type I protein levels in scleroderma fibroblasts. These results 
indicate that the impaired Smad7-Smur£ -mediated inhibitory 
effect on TGF-beta signaling might contribute to maintaining the autocrine 
TGF-beta loop in scleroderma fibroblasts. To our knowledge, this is the 
first report of a disturbed negative regulation of TGF-beta signaling in 
fibrotic disorders. 
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TI Cooperative inhibition of bone morphogenetic protein signaling by Smurfl 
and inhibitory Smads. 

AB Smad ubiquitin regulatory factor (Smurf) 1 binds to 

receptor-regulated Smads for bone morphogenetic proteins (BMPs) Smadl/5 
and promotes their degradation. In addition, Smurfl associates with 
transforming growth factor-beta type I receptor through the inhibitory 
Smad (I -Smad) Smad7 and induces their degradation. Herein, we examined 
whether Smurfl negatively regulates BMP signaling together with the 
I -Smads Smad6/7. Smurfl and Smad6 cooperatively induced secondary axes in 
Xenopus embryos. Using a BMP -responsive promoter -reporter construct in 
mammalian cells, we found that Smurfl cooperated with I -Smad in inhibiting 
BMP signaling and that the inhibitory activity of Smurfl was not 



necessarily correlated with its ability to bind to Smadl/5 directly. 
Smurfl bound to BMP type I receptors via I-Smads and induced 
ubiquitination and degradation of these receptors. Moreover, Smurfl 
associated with Smadl/5 indirectly through I-Smads and induced their 
ubiquitination and degradation. Smurfl thus controls BMP signaling with 
and without I-Smads through multiple mechanisms. 
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TI Specificity and complexity in Smurf -mediated Smad degradation. 
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Degradation of RhoA by Smurfl ubiquitin ligase. 

The Rho family of small GTPases plays a key role in the dynamic regulation 
of the actin cytoskeleton that underlies various important cellular 
functions such as shape changes, migration, and polarity. We found that 
Smurfl, a HECT domain E3 ubiquitin ligase, 

could specifically target RhoA but not Cdc42 or Racl for degradation. 

Smurfl interacts with the dominant inactive form of RhoA, RhoA 

N19, which binds constitutively to guanine nucleotide exchange factors 

(GEFs) in vivo. Smurfl also interacts directly with either 

nucleotide-free or GDP-bound RhoA in vitro; however, loading with 

GTPgammaS inhibits the interaction. RhoA is ubiquitinated by wild-type 

Smurfl but not the catalytic mutant of Smurfl (C699A) in 

vivo and in vitro, indicating that RhoA is a direct substrate of 

Smurfl. In this chapter, we summarize the systems and methods 

used in the analyses of Smurfl -regulated RhoA ubiquitination and 

degradation. 
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TI Degradation of the tumor suppressor Smad4 by WW and HECT 
domain ubiquitin ligases. 

AB Smad4 mediates signaling by the transforming growth factor-beta (TGF-beta) 
superfamily of cytokines. Smad signaling is negatively regulated by 
inhibitory (I) Smads and ubiqui tin-mediated processes. Known mechanisms 
of proteasomal degradation of Smads depend on the direct interaction of 
specific E3 ligases with Smads. Alternatively, I -Smads elicit degradation 
of the TGF-beta receptor by recruiting the WW and HECT 
domain E3 ligases, Smurfs, WWP1, or NEDD4-2. We describe an 
equivalent mechanism of degradation of Smad4 by the above E3 ligases, via 
formation of ternary complexes between Smad4 and Smurfs, mediated by 
R-Smads (Smad2) or I-Smads (Smad6/7) , acting as adaptors. Smurfs, which 
otherwise cannot directly bind to Smad4, mediated poly-ubiquitination of 
Smad4 in the presence of Smad6 or Smad7 . Smad4 co-localized with Smad7 
and Smurfl primarily in the cytoplasm and in peripheral cell 
protrusions. Smad2 or Smad7 mutants defective in Smad4 interaction failed 
to induce Smurf 1-mediated down- regulation of Smad4 . A Smad4 
mutant defective in Smad2 or Smad7 interaction could not be effectively 
down -regulated by Smurfl. We propose that Smad4 is targeted for 
degradation by multiple ubiquitin ligases that can simultaneously act on 
R-Smads and signaling receptors. Such mechanisms of down-regulation of 
TGF-beta signaling may be critical for proper physiological response to 
this pathway.. 
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TI Ubiquitin ligase Smurfl controls osteoblast activity and bone 

homeostasis by targeting MEKK2 for degradation. 
AB Bone is constantly resorbed and formed throughout life by coordinated 

actions of osteoclasts and osteoblasts. Here we show that Smurfl 

, a HECT domain ubiquitin ligase, has a specific 

physiological role in suppressing the osteogenic activity of osteoblasts. 
Smurf 1-def icient mice are born normal but exhibit an age-dependent 
increase of bone mass. The cause of this increase can be traced to 
enhanced activities of osteoblasts, which become sensitized to bone , 
morphogenesis protein (BMP) in the absence of Smurfl. However, 
loss of Smurfl does not affect the canonical Smad-mediated 
intracellular TGFbeta or BMP signaling; instead, it leads to accumulation 
of phosphorylated MEKK2 and activation of the downstream JNK signaling 
cascade. We demonstrate that Smurfl physically interacts with 
MEKK2 and promotes the ubiquitination and turnover of MEKK2 . These 
results indicate that Smurfl negatively regulates osteoblast 
activity and response to BMP through controlling MEKK2 degradation. 
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TI Bone morphogenetic proteins. 

AB Bone morphogenetic proteins (BMPs) are multi-functional growth factors 

that belong to the transforming growth factor beta (TGFbeta) superfamily. 
The roles of BMPs in embryonic development and cellular functions in 
postnatal and adult animals have been extensively studied in recent years. 



Signal transduction studies have revealed that Smadl, 5 and 8 are the 
immediate downstream molecules of BMP receptors and play a central role in 
BMP signal transduction. Studies from transgenic and knockout mice and 
from animals and humans with naturally occurring mutations in BMPs and 
related genes have shown that BMP signaling plays critical roles in heart, 
neural and cartilage development. BMPs also play an important role in 
postnatal bone formation. BMP activities are regulated at different 
molecular levels. Preclinical and clinical studies have shown that BMP-2 
can be utilized in various therapeutic interventions such as bone defects, 
non-union fractures, spinal fusion, osteoporosis and root canal surgery. 
Tissue-specific knockout of a specific BMP ligand, a subtype of BMP 
receptors or a specific signaling molecule is required to further 
determine the specific role of a BMP ligand, receptor or signaling 
molecule in a particular tissue. BMPs are members of the TGFbeta 
superfamily. The activity of BMPs was first identified in the 1960s 
(Urist, M.R. (1965) "Bone formation by autoinduction" , Science 150, 
893-899), but the proteins responsible for bone induction remained unknown 
until the purification and sequence of bovine BMP-3 (osteogenin) end 
cloning of human BMP-2 and 4 in the late 1980s (Wozney, J.M. et al. (1988) 
"Novel regulators of bone formation: molecular clones and activities", 
Science 242, 1528-1534; Luyten, F.P. et al . (1989) "Purification and 
partial amino acid sequence of osteogenin, a protein initiating bone 
differentiation", J. Biol. Chemical 264, 13377-13380; Wozney, J t .M. (1992) 
"The bone morphogenetic protein family and osteogenesis", Mol . Reprod. 
Dev. 32, 160-167) . To date, around 20 BMP family members have been 
identified and characterized. BMPs signal through serine/threonine kinase 
receptors, composed of type I and II subtypes. Three type I receptors 
have been shown to bind BMP ligands, type IA and IB BMP receptors. (BMPR-IA 
or ALK-3 and BMPR-IB or ALK-6 ) and type IA activin receptor (ActR-IA or 
ALK-2) (Koenig, B.B. et al . (1994) "Characterization and cloning of a 
receptor for BMP-2 and BMP-4 from NIH 3T3 cells", Mol. Cell. Biol. 14, 
5961-5974; ten Dijke, P. et al . (1994) "Identification of type I receptors 
for osteogenic protein-1 and bone morphogenetic protein-4", J. Biol. 
Chemical 269, 16985-16988; Macias-Silva , M. et al . (1998) "Specific 
activation of Smadl signaling pathways by the BMP7 type I receptor, ALK2", 
J. Biol. Chemical 273, 25628-25636). Three type II receptors for BMPs have 
also been identified and they are type II BMP receptor (BMPR-II) and type 
II and IIB activin receptors (ActR-II and ActR-IIB) (Yamashita, H. et al . 
(1995) "Osteogenic protein-1 binds to activin type II receptors and 
induces certain activin-like effects", J. Cell. Biol. 130, 217-226; 
Rosenzweig, B.L. et al . (1995) "Cloning and characterization of a human 
type II receptor for bone morphogenetic proteins", Proc. Natl Acad. Sci. 
USA 92, 7632-7636; Kawabata, M. et al . (1995) "Cloning of a novel type II 
serine/ threonine kinase receptor through interaction with the type I 
transforming growth factor-beta receptor", J. Biol. Chemical 270, 
5625-5630) . Whereas BMPR-IA, IB and II are specific to BMPs, ActR-IA, II 
and IIB are also signaling receptors for activins. These receptors are 
expressed differentially in various tissues. Type I and II BMP receptors 
are both indispensable for signal transduction. After ligand binding they 
form a heterotetrameric-activated receptor complex consisting of two pairs 
of a type I and II receptor complex (Moustakas, A. and C.H. Heidi (2002) 
"From mono- to oligo-Smads: the heart of the matter in TGFbeta signal 
transduction" Genes Dev. 16, 67-871) . The type I BMP receptor substrates 
include a protein family, the Smad proteins, that play a central role in 
relaying the BMP signal from the receptor to target genes in the nucleus. 
Smadl, 5 and 8 are phosphorylated by BMP receptors in a ligand -dependent 
manner (Hoodless, P. A. et al. (1996) "MADR1, a MAD-related protein that 
functions in BMP2 signaling pathways", Cell 85, 489-500; Chen Y. et al . 
(1997) "Smad8 mediates the signaling of the receptor serine kinase", Proc. 
Natl Acad. Sci. USA 94, 12938-12943; Nishimura R. et al . (1998) "Smad5 
and DPC4 are key molecules in mediating BMP-2 -induced osteoblastic 
differentiation of the pluripotent mesenchymal precursor cell line C2C12", 
J. Biol. Chemical 273, 1872-1879). After release from the receptor, the 



phosphorylated Smad proteins associate with the related protein Smad4, 
which acts as a shared partner. This complex translocates into the 
nucleus and participates in gene transcription with other transcription 
factors () . A significant advancement about the understanding of in vivo 
functions of BMP ligands, receptors and signaling molecules has been 
achieved in recent years. <figgrp> <title>Figure 1 BMP signaling and its 
regulation. BMP signals are mediated by type I and II BMP receptors and 
their downstream molecules Smadl, 5 and 8. Phosphorylated Smadl, 5 and 8 
proteins form a complex with Smad4 and then are translocated into the 
nucleus where they interact with other transcription factors, such as 
Runx2 in osteoblasts. BMP signaling is regulated at different molecular 
levels: (1) Noggin and other cystine knot -containing BMP antagonists bind 
with BMP-2, 4 and 7 and block BMP signaling. Over -express ion of noggin in 
mature osteoblasts causes osteoporosis in mice (<citeref rid= !l bib9">Devlin 
et al., 2003</citeref >; <citeref rid="bib65 f! >Wu et al . , 2003</citeref>) . 
(2) Smad6 binds type I BMP receptor and prevents Smadl, 5 and 8 to be 
activated (<citeref rid="bib22 ">Imamura et al . , 1997</citeref>) . 
Over-expression of Smad6 in chondrocytes causes delays in chondrocyte 
differentiation and maturation (<citeref rid="bib21 !l >Horiki et al., 
2004</citeref >) . (3) Tob interacts specifically with BMP activated Smad 
proteins and inhibits BMP signaling. In Tob null mutant mice, BMP 
signaling is enhanced and bone formation is increased (<citeref 
rid="bib71 f, >Yoshida et al . , 2000</citeref >) . (4) Smurfl is a 
Hect domain E3 ubiquitin ligase. It interacts with 

Smadl and 5 and mediates the degradation of these Smad proteins (<citeref 
rid="bib76">Zhu et al . , 1999</citeref>) . (5) Smurfl also 
recognizes bone-specific transcription factor Runx2 and mediates Runx2 
degradation (<citeref rid= n bib74">Zhao et al . , 2003</citeref >) . (6) 
Smurfl also forms a complex with Smad6, is exported from the 
nucleus and targeted to the type I BMP receptors for their degradation 
(<citeref rid="bib4 0">Murakami et al . , 2003</citeref >) . Over -express ion 
of Smurfl in osteoblasts inhibits postnatal bone formation in 
mice (<citeref rid="bib75">Zhao et al . , 2004</citeref >) . </title> <fig 
id="figl w name="GGRF0233f ig001"></fig> </figgrp> 
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TI Smurfl: a link between cell polarity and ubiquitination. 

AB Members of the Rho family of small guanos ine triphosphatases are well 
known for their important functions in the dynamic regulation of act in 
cytoskeleton. We recently found that a HECT domain E3 
ubiquitin ligase, called Smurfl, regulates cell polarity and 
protrusion formation by targeting RhoA for degradation at cellular 
protrusions. Smurfl regulates these functions as a partner of 
protein kinase Cxi, a component of the polarity complex. Furthermore, 



using siRNA -media ted knockdown, we demonstrated this pathway is required 

to maintain the transformed morphology and motility of a tumor cell. 

Smurfl thus provides a link between the control of cell polarity 

and ubiquitin-mediated RhoA degradation during directional cell movements. 

Here we further discuss the mechanism by which the spatial control of 

Smurfl activity is accomplished and the potential implications of 

these findings in cancer and development. 
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TI Smurfl inhibits osteoblast differentiation and bone formation in 
vitro and in vivo. 

AB Bone morphogenetic proteins (BMPs) are required for normal postnatal bone 
formation and osteoblast differentiation. There is evidence from recent 
studies that BMP signaling in osteoblasts is controlled by an 
ubiquitin-proteasome regulatory mechanism involving a cascade of enzymatic 
reactions. The specificity of protein ubiquitination is determined by E3 
ubiquitin ligases, which play a crucial role in defining substrate 
specificity and subsequent protein degradation by 26S proteasomes. We 
have examined the role of the E3 ubiquitin ligase Smad ubiquitin ■ 
regulatory factor 1 (Smurfl) , a member of the Hect 
domain family of E3 ubiquitin ligases in osteoblast function. 
Smurfl has been found to interact with BMP-activated Smadl and -5 
and to mediate degradation of these Smad proteins. Recently we have found 
that Smurfl mediates the protein degradation of the 

osteoblast-specif ic transcription factor Runx2/Cbfal. To determine the 

role of Smurfl in osteoblast differentiation, in the present 

studies we transfected a Smurfl expression plasmid into 2T3 

osteoblast precursor cells and found that Smurfl overexpression 

inhibits BMP signaling and osteoblast differentiation. To further 

investigate the role of Smurfl in bone formation in vivo, we 

generated transgenic mice in which expression of the epitope-tagged 

Smurfl transgene was targeted to osteoblasts using the murine 

2.3-kb osteoblast-specif ic type I collagen promoter. In these transgenic 

mice, bone formation was significantly reduced during postnatal life. Our 

results demonstrate for the first time that Smurfl plays a 

specific role in osteoblast differentiation and bone formation in vivo. 
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TI Regulation of cell polarity and protrusion formation by targeting RhoA for 
degradation. 

AB The Rho family of small guanosine triphosphatases regulates actin 

cytoskeleton dynamics that underlie cellular functions such as cell shape 

changes, migration, and polarity. We found that Smurfl, a 

HECT domain E3 ubiquitin ligase, regulated cell polarity 

and protrusive activity and was required to maintain the transformed 

morphology and motility of a tumor cell. Atypical protein kinase C zeta 

(PKCzeta) , an effector of the Cdc42/Racl-PAR6 polarity complex, recruited 

Smurfl to cellular protrusions, where it controlled the local 

level of RhoA. Smurfl thus links the polarity complex to 

degradation of RhoA in lamellipodia and filopodia to prevent RhoA 

signaling during dynamic membrane movements. 
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TI The DSmurf ubiquitin -protein ligase restricts BMP signaling spatially and 

temporally during Drosophila embryogenesis . 
AB We identified Drosophila Smurf (DSmurf) as a negative regulator of 

signaling by the BMP2/4 ortholog DPP during embryonic dorsal -ventral 

patterning. DSmurf encodes a HECT domain 

ubiquitin-protein ligase, homologous to vertebrate Smurfl and 
Smurf 2, that binds the Smadl/5 ortholog MAD and likely promotes its 
proteolysis. The essential function of DSmurf is restricted to its action 
on the DPP pathway. DSmurf has two distinct, possibly mechanistically 
separate, functions in controlling DPP signaling. Prior to gastrulation, 
DSmurf mutations cause a spatial increase in the DPP gradient, as- 
evidenced by ventrolateral expansion in expression domains of target genes 
representing all known signaling thresholds. After gastrulation, DSmurf 
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e a temporal delay in downregulation of earlier DPP signals, 
lethal defect in hindgut organogenesis. 
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Degradation of the tumor suppressor Smad4 by WW and HECT 
domain ubiquitin ligases. 

Smad4 mediates signaling by the transforming growth factor-beta (TGF-beta) 
superfamily of cytokines. Smad signaling is negatively regulated by 
inhibitory (I) Smads and ubiquit in-mediated processes. Known mechanisms 
of proteasomal degradation of Smads depend on the direct interaction of 
specific E3 ligases with Smads. Alternatively, I -Smads elicit degradation 
of the TGF-beta receptor by recruiting the WW and HECT 
domain E3 ligases, Smurfs, WWP1, or NEDD4-2 . We describe an 
equivalent mechanism of degradation of Smad4 by the above E3 ligases, via 
formation of ternary complexes between Smad4 and Smurfs, mediated by 
R-Smads (Smad2) or I-Smads (Smad6/7) , acting as adaptors. Smurfs', which 
otherwise cannot directly bind to Smad4, mediated polyubiquitination of 
Smad4 in the presence of Smad6 or Smad7. Smad4 co-localized with Smad7 
and Smurfl primarily in the cytoplasm and in peripheral cell 
protrusions. Smad2 or Smad7 mutants defective in Smad4 interaction failed 
to induce Smurfl -mediated down -regulation of Smad4 . A Smad4 
mutant defective in Smad2 or Smad7 interaction could not be effectively 
down -regulated by Smurfl. We propose that Smad4 is targeted for 
degradation by multiple ubiquitin ligases that can simultaneously act on 
R-Smads and signaling receptors. Such mechanisms of down-regulation of 
TGF-beta signaling may be critical for proper physiological response to 
this pathway. 
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TI Ubiquitin ligase Smurfl controls osteoblast activity and bone 

homeostasis by targeting MEKK2 for degradation. 
AB Bone is constantly resorbed and formed throughout life by coordinated 

actions of osteoclasts and osteoblasts. Here we show that Smurfl 

, a HECT domain ubiquitin ligase, has a specific 

physiological role in suppressing the osteogenic activity of osteoblasts. 
Smurf 1-def icient mice are born normal but exhibit an age-dependent 
increase of bone mass. The cause of this increase can be traced to 
enhanced activities of osteoblasts, which become sensitized to bone 
morphogenesis protein (BMP) in the absence of Smurfl. However, 
loss of Smurfl does not affect the canonical Smad-mediated 
intracellular TGF beta or BMP signaling; instead, it leads to accumulation 
of phosphorylated MEKK2 and activation of the downstream JNK signaling 
cascade. We demonstrate that Smurfl physically interacts with 
MEKK2 and promotes the ubiquitination and turnover of MEKK2 . These 
results indicate that Smurfl negatively regulates osteoblast 
activity and response to BMP through controlling MEKK2 degradation. 
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TI Regulation of cell polarity and protrusion formation by targeting RhoA for 
degradation. 

AB The Rho family of small guanosine triphosphatases regulates actin 

cytoskeleton dynamics that underlie cellular functions such as cell shape 
changes, migration, and polarity. We found that Smurfl, a 
HECT domain E3 ubiquitin ligase, regulated cell polarity 
and protrusive activity and was required to maintain the transformed 
morphology and motility of a tumor cell. Atypical protein kinase C zeta 
(PKCzeta) , an effector of the Cdc42/Racl-PAR6 polarity complex, recruited 
Smurfl to cellular protrusions, where it controlled the local 
level of RhoA. Smurfl thus links the polarity complex to 
degradation of RhoA in lamellipodia and filopodia to prevent RhoA 
signaling during dynamic membrane movements. 
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